A microcarrier culture system in combination with enzyme immunofiltration with a herpes simplex virus (HSV) group monoclonal antibody was found to be as sensitive as immunofluorescence for the detection of HSV type 1 (HSV-1) in cell cultures and to give specific identification at the same time as the appearance of the cytopathic effect with very high infectious inocula and within 10 to 24 h of the appearance of the cytopathic effect with low to high inocula. Multiplicities of infection from 10-5 to 10' were tested at 8 to 96 h postinfection.
A microcarrier culture system in combination with enzyme immunofiltration with a herpes simplex virus (HSV) group monoclonal antibody was found to be as sensitive as immunofluorescence for the detection of HSV type 1 (HSV-1) in cell cultures and to give specific identification at the same time as the appearance of the cytopathic effect with very high infectious inocula and within 10 to 24 h of the appearance of the cytopathic effect with low to high inocula. Multiplicities of infection from 10-5 to 10' were tested at 8 to 96 h postinfection.
When applied to the identification of HSV-1 and HSV-2 in cultures of clinical samples, the system detected HSV antigens in 50% of the samples after 2 days and in 100% of the samples after 3 days. With 2 ml of microcarrier suspension and with 50 to 300 ,ul per sample, several portions are available for replicate and sequential sampling without destroying the culture. The system requires only that 2 X 105 microcarriers be added to the culture tube at the time or before it is seeded with cells, at an extra cost of 6 cents (U.S.) per tube and little extra labor.
Amplification and identification of viruses, usually in cell cultures, will probably continue to be the reference standard in diagnostic virology for some time, in spite of the application of immunofluorescence (IF) tests, immunoperoxidase staining, enzyme immunoassays (EIAs), and nucleic acid hybridization to the direct detection of viral components in clinical specimens (6) . Nevertheless, IF, immunoperoxidase staining, and EIA are being increasingly applied to the rapid identification of viruses growing in cell cultures and are replacing more traditional methods, such as neutralization tests and hemagglutination inhibition, for specific viral identification.
However, these procedures usually involve the trypsinization of an entire cell monolayer to collect sufficient antigenic material for replicate testing, preventing further observation and immunochemical analysis of the culture.
Alternatively, replicate cultures in tubes, microplates, or Leighton tubes can be inoculated. This approach is cumbersome and costly. Furthermore, the small amount of material present in clinical specimens, such as cerebrospinal fluid or biopsy tissue, often precludes the inoculation of multiple cultures.
Since their original description (8) , microcarrier (MC) cell cultures have been used extensively for the production of animal cells and the culture of viruses and cell products (5 Two 5-mm wells on eight-well multitest slides (Flow Laboratories) were filled with 0.03 ml of cell suspension. The preparations were air dried and fixed in acetone at room temperature for 20 min. One well was stained with fluorescein-labeled HSV-1 monoclonal antibody, reacting with the HSV-1 specific glycoprotein C complex, and the other was stained with fluorescein-labeled HSV-2 monoclonal antibody, reacting with an HSV-2-specific 140,000-dalton protein (3) (Microtrak; Syva Co., Palo Alto, Calif.).
EIA-F. The procedure described by Cleveland et al. (1) was followed for EIA-F with the group HSV monoclonal antibody described above. The conjugate used was a 1:3,000 dilution of horseradish peroxidase-labeled goat anti-mouse IgG, gamma chain specific, purified by affinity chromatography (Zymed Inc., Burlingame, Calif.). Briefly, the assays were performed in 96-well microplate filter manifolds containing a glass fiber filter disk and drain hole in each well (V&P Enterprises, San Diego, Calif.). The filters were conditioned for 10 min with 0.1 FBS buffer (phosphate-buffered saline containing 20% fetal calf serum, 1% bovine serum albumin, 0.3% gelatin, and 0.01% thimerosal), and the fluid was removed by vacuum application. For the model experiment with HSV-1, the frozen MCs were thawed and suspended with a vortex mixer, and 50 pil of the suspension was added to four or eight replicate wells. For cultured clinical samples, 300 ,ul of the MC suspension kept at 4°C was added to a single well. The fluid was removed by vacuum, and the MCs and large particulate material were trapped on the filters. These were washed three times with 0.3 ml of gelatin buffer (phosphate-buffered saline containing 0.3% gelatin and 0.01% thimerosal). HSV group monoclonal antibody (50 pi) at 1:32,000 dilution was added to each well, and the microplate was sealed and incubated at 37°C for 1 h. The fluid was removed by vacuum, the filters were washed three times with gelatin buffer; 50 pl of the conjugate was added to each well, and the microplate was incubated for 30 min at 37°C. The fluid was again removed by vacuum, and the filters were washed three times with gelatin buffer. The drain holes were sealed with parafilm by using a plate sealing device (V&P Enterprises), and then 200 pl of substrate buffer (20 mg of o-phenylenediamine [Sigma Chemical Co., St. Louis, Mo.]) and 6 ,ul of 30% H202 in 30 10-2, 10-1, and 1, the specific EIA-F absorbance appeared at 48, 24, and 18 h, respectively, 10 to 24 h after CPE appeared and at the same time as the specific HSV-1 IF reaction. At an MOI of 10, the CPE and the specific EIA-F were positive at 8 h after infection, followed by IF 10 h later. The specific EIA-F at an MOI of 10-2 appeared at the same time (48 h) as in the previous experiment, despite the difference in the number of cells sampled.
Similar results (not shown) were obtained with an HSV-2 strain isolated in our laboratory.
Identification of HSV in cultures of clinical samples. In an attempt to speed up the detection of specific HSV absorbance in MC cell cultures inoculated under field conditions, the sample size was increased to 300 ,ul. . This is supported by the fact that the higher amount of cells sampled in the experiment carried out at an MOI of 10-2 to 101 did not affect the absorbance or variance values of the noninfected cell controls at any sampling time. The number of cells present in samples that were positive in the EIA-F test was similar to that in cultures studied by other investigators with a different monoclonal antibody (1) .
When the results of MC combined with EIA-F were compared with those obtained by CPE at low inocula, CPE gave more rapid results only at the 5 PFU inoculum level. When EIA-F was compared with IF, there were two 24-h discrepancies, one to the advantage of EIA and the other to the advantage of IF. In each comparison the differences were, however. not significant (P > 0.25 in both cases). At high inoculum levels (104 to 106 PFU), CPE appeared to have a 24-h advantage over the MC system when the latter was combined with either EIA-F or IF. However, the difference was shown to be not significant by the sign test (P > 0.25). EIA-F and IF did not give significantly different results (P > 0.25).
In these model experiments, the SD was used as a measure of the variation in our data in accordance with usual practice. However, the standard error of the mean is a more appropriate measure of the variation of the mean absorbance since the specific absorbance value used is always the mean MICROCARRIER CULTURES AND HSV ANTIGENS 339 of a number of replicate test results. When the standard error of the mean is used, it is possible to reveal smaller significant differences than it is with the SD. In our results, if the standard error of the mean had been used instead of the SD and the same criteria for a significant absorbance value had been applied, the discrepant results between the appearance of CPE and specific absorbance at 72 and 96 h with the 5 PFU inoculum would disappear. There would then remain only four discrepancies overall between EIA-F and CPE on the basis of time to give a positive result.
When the system was applied to the detection of HSV-1 and HSV-2 in cultured clinical specimens with 300 ,ul of MC suspension, the EIA-F test became positive at the same time as CPE in approximately 50% of the cases at 2 days after inoculation. All specimens were positive by EIA-F 1 day later. This 24-h delay in the identification of 50% of the specimens is in fact illusory, since CPE is not a definitive result but a presumptive finding that requires further confirmatory testing.
Even when the EIA-F tests are carried out on 300-,ul MC samples, up to six samples are available for sequential sampling. These tests can be carried out on each of at least 6 successive days before exhaustion of the cell supply, so that the need for several replicates for EIA can be met. Therefore, monitoring the cell culture tube on an ongoing basis is possible for unskilled personnel who may not be familiar with the detection of atypical CPE. The system described here has the potential of being applicable to other cell types in diagnostic virology and may simplify virus identification procedures for such cultures.
